An investigation of total solar ultraviolet radiation at Nakhon Pathom, Thailand  by Buntoung, S. et al.
Procedia Engineering 32 (2012) 427 – 432
1877-7058 © 2012 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2012.01.1289
Available online at www.sciencedirect.com
I-SEEC2011
An investigation of total solar ultraviolet radiation at    
Nakhon Pathom, Thailand 
S. Buntoung, P. Choosri, A. Dechley, I. Masiri, R.Wattan, S. Janjai
Laboratory of Tropical Atmospheric Physics, Department of Physics, Faculty of Science, 
Silpakorn University, Nakhon Pathom, 73000, Thailand 
Elsevier use only: Received 30 September 2011; Revised 10 November 2011; Accepted 25 November 2011.  
Abstract 
Solar ultraviolet radiation has adverse effects on human health, terrestrial ecosystem and biogeochemical cycles. In 
this work, solar ultraviolet radiation in the wavelength band of 290-385 nm or total ultraviolet radiation (TUV) was 
measured at Nakhon Pathom (13.82°N 100.04°E, 30 m above mean sea level), Thailand. A 10-year period (2001-
2010) of TUV data obtained from this measurement was analyzed. The dose rate diurnal variation shows the 
maximum dose rate at local noon time with the highest peak value in April. For the seasonal variation, the monthly 
average TUV daily dose increases from January to reach the maximum in April, then gradually decreases to the 
minimum in December. It is found that the tropical monsoon has a strong influence on the seasonal variation of TUV 
at Nakhon Pathom. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Solar ultraviolet radiation is divided into three ranges: UVC (100-280 nm), UVB (280-320 nm) and 
UVA (320-400 nm). UVC is totally absorbed by the earth’s atmosphere. Thus only a small amount of 
UVB and most of UVA radiation can pass through the earth’s atmosphere to reach the earth’s surface. 
This accounts for less than 5% of the surface total solar radiation. Although there is only a small amount 
of ultraviolet radiation reaching the earth’s surface, it has high photon energy which affects human health, 
terrestrial ecosystem and biogeochemical cycles [1]. 
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There has been an increasing interest in measurements of surface ultraviolet radiation since the 
depletion of the stratospheric ozone, which controlled UVB, has been occurred in the past 30 years [2]. 
Most of the studies have investigated the surface ultraviolet radiation in mid-latitude locations [3-5]. In 
this paper, the total solar ultraviolet radiation or TUV in a tropical climate site was investigated. The 
diurnal and seasonal variations of TUV were analyzed for a long-term 10-year period.  
2. Measurement and data analysis 
An Eppley ultraviolet radiometer (model TUVR, USA) was used to measure the total solar ultraviolet 
radiation. The TUV sensor of the radiometer consists of selenium photoelectric cell with a sealed-in 
quartz window. A bandpass filter allows the radiation in the range of UVA and UVB (290-385 nm) 
passing to the sensor. A diffusing disc controls the light intensity at the photoelectric cell and improves 
the cosine response to be within r2% of the ideal cosine function.  
The instrument was connected to a datalogger of Yokogawa (model DC100, Japan). The output signal 
in voltage was sampled every second. The sampled voltage values were averaged every time interval of 
10 minutes and then the average values were recorded in the datalogger. The instrument was calibrated at 
the beginning and the end of the study period by the manufacturer. 
The radiometer has been installed on the roof of Faculty of Science’s building, Silpakorn University, 
Nakhon Pathom, Thailand (18.32°N, 100.04°E, 30 m above mean sea level) (Fig. 1). This site is located 
about 2 km from the center of Nakhon Pathom, a small town situated in the Central region of Thailand. 
The site is considered to be in a semi-urban environment. 
Fig. 1. The TUV radiometer installed at Silpakorn University, Thailand 
The 10-minute average voltage from the datalogger was converted into TUV irradiance (in Wm-2) by 
using the conversion factor or the sensitivity of the radiometer obtained from the calibration. The 10-
minute average irradiance was again averaged over an hour to obtain hourly average TUV irradiance or 
dose rate in Wm-2. This irradiance was integrated over a day to get TUV daily dose in kJm-2. To control 
their quality, these TUV data were checked and the abnormal data or the data which violate physical laws 
were discarded from the data set. A 10-year period (2001-2010) of TUV data obtained from this site was 
prepared for the analysis.
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3. Analysis, results and discussion 
3.1 Diurnal variation of TUV
The monthly averaged values of hourly TUV value from 5 A.M. till 7 P.M. were calculated and then 
averaged over the 10-year period. The diurnal variation of monthly mean hourly TUV irradiance for each 
month is presented in Fig. 2. The standard deviation values are about 2 Wm-2 during the dry season 
(November-April) and about 4 Wm-2 during the wet season (May-October) due to TUV fluctuation 
caused by clouds. 
The variation of the monthly mean hourly TUV irradiance in Fig. 2 clearly shows that the TUV 
irradiance increases from the morning, around 5:30 A.M. and reaches the peak around local solar noon. 
The TUV then decreases to zero in the evening, around 7 P.M. This is mainly influenced from the solar 
zenith angle and the atmospheric path length which are the lowest at local solar noon. As we can see that 
the peak of the hourly TUV data varies by months. The highest hourly TUV value is 37.2 Wm-2 at noon 
in April and the lowest value occurs in December with a value of 27.0 Wm-2 at noon. The results of this 
study are similar to the work reported by Foyo-Moreno et al. [3] for TUV irradiance at Granada, Spain. 
However, as our site is situated in the tropics, the highest peak value of TUV is slightly higher than that 
of Granada.  
Fig. 2. Diurnal variation of the monthly mean hourly TUV irradiance 
3.2 Seasonal variation of TUV
The monthly mean and standard deviations of daily TUV during the 10-year period were calculated 
(Fig. 3).  
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Fig. 3. Variation of monthly mean of TUV daily dose 
From Fig. 3, it can be seen that the seasonal variation of the TUV radiation changes according to the 
change of the sun path and the local monsoons in Thailand. The TUV gradually increases from 630 kJm-2
in January to the highest value of 940 kJm-2 in April. This can be explained as follows. 
As the northeast monsoon blows across Thailand from November to February, the majority of skies in 
this period is relatively clear. Additionally, the sun path also moves northward in this period. The effect 
of the northeast monsoon and the movement of the sun path cause the increase of TUV in this period. 
This increase continues until April because March and April are in the calm period with the majority of 
clear skies and the sun at noon time in this period is nearly at the overhead position at the measurement 
site.
The TUV slightly decreases from April to September due to the southwest monsoon which brings rains 
and clouds over the site, causing the decrease of TUV daily dose. The decrease continues until the end of 
the year as the sun path moves southward. 
3.3 Long-term TUV variation   
To investigate the long-term TUV variations, the long-term mean values of TUV daily dose were 
plotted as a function of day numbers started from January 1, 2001 to December 31, 2010 (Fig. 4). In 
addition, daily global broadband radiation measured using pyranometer of Kipp&Zonen (CM-11) at the 
site and period was also compared with the TUV data. 
0
200
400
600
800
1000
1200
1400
1 2 3 4 5 6 7 8 9 10 11 12
Month
M
on
th
ly
 m
ea
n 
da
ily
 d
os
e 
(k
J/
m
2 )
 .
431S. Buntoung et al. / Procedia Engineering 32 (2012) 427 – 432
Fig. 4. Variations of TUV daily dose and global broadband radiation from January 1, 2001 to December 31, 2010 
It is clearly seen that the variation pattern of daily TUV is similar to that of the global solar radiation. 
Overall, the variation of TUV radiation is generally within the range of 200-1200 kJm-2, while global 
broadband solar radiation presents in a higher magnitude, between 5-25 MJm-2. The values of daily TUV 
radiation account for 4% of the daily broadband global radiation and this also varies with seasons. This 
ratio is comparable to the value reported by Foyo-Moreno et al [3]. A slight increase in the TUV trend is 
observed by 2% for the 10-year period. This is maybe due to the combined effect of the change in the 
stratospheric ozone, clouds and aerosols.   
4. Conclusions 
The total solar ultraviolet radiation (TUV: 290-385 nm) measured at Silpakorn University, Nakhon 
Pathom, Thailand for a 10-year period (2001-2010) was analyzed. The diurnal variation of monthly 
average hourly TUV irradiance presents a symmetric bell curve with the peak values occurred around the 
solar noon. The maximum value is found in April and the minimum value is occurred in December. For 
the case of seasonal variation, the monthly mean TUV daily dose increases from 630 kJm-2 in January 
and reaches a peak of 940 kJm-2 in April. The lowest TUV irradiance (620 kJm-2) is observed in 
December. The seasonal variation of TUV radiation is clearly due to the influence of the variation of the 
sun path and the local monsoons in Thailand. 
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